This study quantified climatological and hydrological trends and relationships to presence and distribution of 2 native aquatic species in the Kansas River basin over the past half century. Trend analyses were applied to indicators of hydrologic alteration (IHAs) at 34 streamgages over a 50-year period (1962-2012). Results showed a significant negative trend in annual streamflow for 10 of 12 western streamgages (up to −7.65 mm/50 years) and smaller negative trends for most other streamgages. Significant negative trends in western basin streamflow were more widespread in summer (12 stations) than in winter or spring (6 stations 
More research is critical to quantify regional relationships between
IHAs and aquatic species responses.
The objectives of this study were to quantify magnitude and significance of temporal trends in climatic and ecohydrological variables (WRIs and IHAs) using long-term climate and nonimpounded watershed streamflow data in the KRB; determine the degree of spatial and temporal relationships between climatic variables, ecohydrological indicators, and ecoregional structure of the KRB; and evaluate the extent to which trends in ecohydrological indicators can differentiate between current presence or absence of native aquatic faunal species at sites where they were present historically. A central hypothesis of this study was that alterations in streamflow and associated aquatic habitat suitability have occurred historically within the KRB and can be used to explain the observed shift in presence of native aquatic fauna.
| METHODS AND MATERIALS

| Study area
The KRB is located within northern Kansas, southern Nebraska, and eastern Colorado (Figure 1 ). The Kansas River is vitally important to the social, economic, and ecological character of these regions. It is formed by the union of the Republican River and the Smoky Hill River, and its outflow forms a confluence with the Missouri River. The KRB covers an area of 155,000 km 2 (60,000 mi These conditions make the KRB an important region for agriculture and conservation.
The KRB has a prevailing east-to-west precipitation gradient and spatial variability in biophysical factors (e.g., soil quality, water availability, and land use), which provides a range of conditions for hydroecological study (Sinnathamby, 2014) . Agriculture and prairie are dominant land covers of the KRB. Croplands are distributed primarily in the central to west, grasslands range from tallgrass prairie in the east to shortgrass prairie in the west, and woodlands progress from hardwood forest in the east to riparian vegetation in the central KRB.
Future shifts in land cover are expected with increasing biofuel demands in the Midwest Corn Belt region. KRB has an average rainfall of about 1,000 mm/year in the east and 400 mm/year in the west (Lin & Brunsell, 2013) . The basin has a wide gradient of soil permeability, with lowest levels in the eastern one third and moderate to high levels in the western two thirds. The highest permeability is observed in the northwestern KRB. The flood potential is higher in areas with low soil permeability area than in areas with higher soil permeability. The higher soil permeability areas tend to allow more infiltration and lower run-off, which may allow greater baseflow contribution to the stream (Perry, Wolock, & Artman, 2004) . southwestern Kansas, the High Plains Aquifer has declined more than 30.5 m in water level due to groundwater withdrawals for irrigation (Luckey, Gutentag, & Weeks, 1981; McGuire, 2001 ).
| Dataset and site selection
A set of 34 U.S. Geological Survey (USGS, 2014) streamgages ( Figure 1 and Table 1) . A large majority of streamgages (82%) had more than 50 years of data over the study period. Three streamgages (map index numbers 21, 26, and 33) had data only for WYs 1980-2012. In this study, a minimum 30-year period was assumed to be adequate to ensure validity of the trend results (Kahya & Kalayci, 2004; Kite, 1991 ). To ensure a high level of accuracy, only the "approved for publication data" (USGS, 2014) for active hydrometric stations were used in this study. USGS quality assurance and quality control procedures for measuring stream stage and discharge can be found in Sauer and Turnipseed (2010) and Turnipseed and Sauer (2010) .
The watershed draining to each USGS streamgage was assumed to represent conditions of the predominate ecoregion within the watershed boundaries. In all cases, the predominant ecoregion represented at least 50% of the watershed area (Figure 1 ).
| Calculation of ecologically relevant hydrological variables
For the calculation of ecologically relevant hydrological variables, daily average discharge data (cfs) obtained from the USGS National Streamflow Information Program website database were converted to daily average streamflow per unit watershed area (mm/day) to standardize the effects of drainage area on streamflow generation (Monk, Peters, Curry, & Baird, 2011) , and all remaining analyses used these normalized daily streamflow depth data. Six WRIs and 33 IHAs were calculated using up to 50 WYs of data , which was more than the 35 years of data recommended (The Nature Conservancy,
2009).
Seasonal mean values were calculated as the mean daily streamflow depth from March through May (spring), June through August (summer), September through November (autumn), and
December through February (winter). The CT of annual flow (day of occurrence of 50% annual flow from October 1 through September 30) was calculated from
where t i is time (days) from October 1 (beginning of WY) and q i is the corresponding streamflow per unit area (mm/day) for day i. Because Table 1 of the skewed nature of hydrological datasets, non-parametric statistics were used for most of the other indices. This resulted in presentation of median values for all IHA parameters, except 1-to 90-day minimums and maximums. The 1-to 90-day minimums and maximums were calculated from moving averages of every possible period. If multiple periods had the same value, the earliest period was reported. The 25th and 75th percentile flows were used as the thresholds for low-and high-flow pulse calculations. Flow reversals were calculated by dividing the hydrological record into "rising" and "falling" periods, which corresponded to periods in which daily changes (from the previous day) in flows were either positive (rising) or negative (falling). Flood and drought conditions were characterized by the magnitude and timing of events (annual maximum/minimum 1-, 3-, 7-, 30-, and 90-day mean flows) along with intra-annual and inter-annual variability in flow conditions (e.g., rise/fall rate and number of reversals in the hydrograph). Number of zero-flow days and baseflow index (7-day-minimum flow mean) indicators provided additional description of low-flow conditions. Detailed descriptions of the IHAs and their ecological significance can be found in the foundational IHA articles (Poff et al., 1997; Richter et al., 1996; The Nature Conservancy, 2009 ) and subsequent user studies (Monk et al., 2011; Sinnathamby, 2014) .
| Trend analysis techniques
Trends in IHAs and WRIs from each streamgage were evaluated using
Mann-Kendall trend analysis (Kendall, 1975; Kendall & Gibbons, 1990; Mann, 1945 extreme values or skewness in the data, making it effective for analysing trends in streamflow (Rasmussen & Perry, 2001 (Martinez, Maleski, & Miller, 2012; Tabari, Somee, & Zadeh, 2011) . The MATLAB code written by Burkey (2006) (Mims & Olden, 2012; Gido, 2014, personal communication) . For the analysis, the fish-streamgage pairs were identified in close geographic proximity by intersecting survey sites and streamgage watersheds using ArcGIS. Fish-streamgage pairs were selected such that fish survey sites were within 20 river kilometres (upstream or downstream) of the streamgage and were not separated by an impoundment (Mims & Olden, 2012) . Two fish species native to Kansas and identified as threatened or in need of conservation (Distler et al., 2014) were selected for study: Plains Minnow (Hybognathus placitus) and Common Shiner (Luxilus cornutus).
The Plains Minnow occurs in shallow perennial streams with shallow, braided flow over broad beds of shifting sand. An adult Plains
Minnow is about 13 cm in length. The Plains Minnow was abundant and widely distributed throughout the KRB and started to decline by 1970 (Taylor & Eberle, 2014) . Changes in the streamflow volume, the pattern, and the fragmentation by dams were identified as major sources of decline (Gido, Dodds, & Eberle, 2010; Perkin & Gido, 2011) . The Plains Minnow has been listed as a threatened species in Kansas.
Common Shiner occupies streams with coarse substrates. Adults are commonly 8-13 cm in length, and total length can range up to 18 cm. The Common Shiner was extirpated from northwestern Kansas streams due to turbidity and dewatering and has been listed as a species in need of conservation in Kansas and as a threatened species in Colorado (Cathcart, 2014) .
Streamflow data were not available for the entire period of fish sampling (1860-2012), but for most streamgages, data were available since 1962 and span the period of most dynamic landscape change.
Most reservoirs of the KRB were constructed and irrigation agriculture was initiated at a low level during 1947 to 1962 (Gido et al., 2010) .
Prior to 1947, streams were presumed to be natural and unimpounded.
Rapid impoundment development and increase in irrigated land acreage (primarily in western Kansas) occurred during 1963 -1977 (Cross & Moss, 1987 Eberle, 2007) .
To analyse the relationship between ecohydrological variables and riverine fish species, the fish data were divided into two time periods:
historical (1860-1950) and present (2000-2012) . The historical period was selected prior to most impoundment and irrigation development and similar to Distler et al. (2014) , and the present period was selected to correspond with a period of a comprehensive survey of many streams in Kansas and to allow sufficient lag time for effects of reservoir construction and groundwater pumping to occur (Gido et al., 2010) . If a specific fish species was present for >3 years during the historical period, its presence or absence was determined for the present period for each selected gage. In this way, two treatment groups were created: historically present + currently present ("Present") and historically present + currently absent ("Absent").
A two-sample t test (assuming unequal variance) was used to test if trends in each ecohydrological index were different between the two treatment groups (Present and Absent). A significant difference in trends was used as an indication that species occurrence was sensitive to change in that ecohydrological index. 
| Streamflow per unit area trends
The spatial distribution and significance of trends (Mann-Kendall) Decreasing streamflow volume in western Kansas has been supported by previous trend studies in this study area (Angelo, 1994; Jordan, 1982; Perry et al., 2004; Rasmussen & Perry, 2001 ). Irrigated agriculture is considered to be a primary factor in the shift from perennial to intermittent streams in the KRB, especially western Kansas (Aguilar, 2009; Perry et al., 2004) . Many streams considered as perennial streams in the 1960s were reported as intermittent streams in 1990 (Perry et al., 2004) . The western KRB has streams with lower flow (per unit area) compared to the eastern KRB because of the regional gradient in precipitation and soil characteristics. The western two thirds of the KRB typically has moderate to high permeability soils, and the eastern one third has lower permeability soils (U.S. Department of Agriculture, 1993) . The KRB has an east-to-west annual precipitation gradient with less north-to-south variation. These differences lead to lower-unit-discharge streams in the western region and higher-unit-discharge streams in the eastern region. Along with the variation in unit discharge, variation in irrigation pumping, agricultural management practices, and soil and water conservation structures may have had a greater impact on High Plains streams and contributed to their greater decreasing trends in annual flow per unit area compared to the other KRB ecoregions (Figures 4 and 5) .
Seasonal streamflow across the ecoregions demonstrated similar trends to annual streamflow ( Figure 5 ). Again, the High Plains had significant negative trends at most streamgages in every season, and the Central Great Plains served as a transitional zone in which trends decreased in magnitude and became less significant from west to east.
In the Central Great Plains, summer had the greatest number of streamgages (six) with significant negative trends (five at p < .05 and one at p < .10) compared to four (two at p < .05 and two at p < .10) in autumn, two (p < .05) in winter, and one (p < .05) in spring However, of the five most westerly climate stations, which spanned a similar geographic area, three showed significant positive annual precipitation trends and two showed significant negative annual temperature trends, both of which would generally support increasing streamflow (Figures 2 and 3) . Consistent with Aguilar (2009), the States. In the Missouri River Basin, Lins and Slack (2005) found no seasonal shifts in timing of streamflows during the 1940-1999 period but considerable interdecadal variability. Figure 7 shows the date of annual minimum streamflow tends to be occurring later (positive trend up to 4 days/50 years), and the date of annual maximum streamflow tends to be occurring earlier in the year (negative trend to 4 days/50 years) for a majority of the streamgages studied. However, only eight of these streamgages (of 34) had significant (seven at p < .05 and one at p < .10) negative trends in date of annual maximum flow, and only three of these streamgages showed positive trends (p < .05) in date of annual minimum flow.
These shifts toward earlier median and maximum flows and later minimum flows may have meaningful impact on aquatic species migration, spawning, and other phenotypic behaviours.
| Streamflow frequency trends
Low-flow pulse (<25th percentile of daily flows) and high-flow pulse (>75th percentile of daily flows) events were analysed and displayed (Figure 8 ) by frequency (counts per year) and median duration (days) of high-and low-pulse events and rate and frequency of water condition changes. Some streamgages (7, 8, 13, and 21) were removed from (Table 3) . However, neither of these was significant (p > .10).
The absence of a significant correlation may be influenced by the relatively small sample size (n = 8) used in this study. As discussed above, however, it may also reflect influence of other anthropogenic factors that more than offset the effects of climatic drivers. Other than precipitation and temperature, groundwater depletion, terracing (particularly in western Kansas), and changes in land use and farming practices (such as contour farming, crop rotation, pasture improvement, and conservation reserve program) also can be related to the decreasing annual trend (Rasmussen & Perry, 2001 ). Correlation to these other factors was not assessed in this study. species at study sites went from present (1860-1950) to absent (2000-2012) at all but four sites (21, 28, 30, and 32) . All four of the Present sites were in the grouping of six easterly sites, and all five of the westerly locations were Absent sites.
Results demonstrated specific detrimental effects of flow-regime change on these two native fish species of Kansas (Table 4 and Figure 9 ). Both species were Absent from sites with greater decreasing trends of 1-day maximum flow (p < .10). Otherwise, change in species occurrence appeared to respond to different hydrological cues.
Plains Minnow occurrence generally responded negatively to greater decreasing trends (or shifts from increasing to decreasing trends) for many ecohydrological indices. Plains Minnow Absence there is insufficient water, eggs could be damaged and killed or dried due to extreme temperature (Taylor & Eberle, 2014) . In the KRB, higher flows generally occur in the summer season, which is consistent with the observed Absent response to decreasing flows, particularly for ecohydrological indices that describe trends in summer, maximum-flow periods, and high-flow pulse frequency (Table 4) . Decreasing trends in rise rates and reversals and increasing trends in fall rates (Table 4) Comparison of trends (Kendall tau, 1962 (Kendall tau, -2012 in significant ecohydrological indicators at 16 streamgages in the Kansas River basin at which (a) Plains Minnow or (b) Common Shiner was either "Present" or "Absent" (2000-2012) after being present historically . Significant differences (paired t test) between Present and Absent groups noted at p < 0.10* and p < 0.05** also serves to regulate temperature, especially in small streams, and acts as a natural treatment system. The Plains Minnow is found in perennial streams with shallow, braided flow over broad beds of shifting sand, where they feed on diatoms and other algae. When there are no seasonal scouring-level discharges and diminished summer flows, those diatoms and algae may be eliminated due to insufficient water to maintain the hyporheic zone. This change has been previously linked to declines in Plains Minnow (Distler et al., 2014) and is consistent with the significant declines in 30-day minimum flow trends and consistent (but nonsignificant) declines in baseflow and increases in zero-flow days, low-flow pulses, and other (particularly longer duration) minimum-flow periods (Table 4) .
Similar results were reported by Gido et al. (2013) (Cathcart, 2014) . Although these differences in trends between Absent and Present sites were "small" and not enough to show statistically significant differences (Table 4 and Figure 9 ), even small-magnitude trends might be extremely rapid in an ecological sense to the extent that species could not develop an adequate survival response or the environmental change exceeds the phenotypic plasticity of the species. Again, this result is not directly supported by evidence from this study and would require further analysis into the species-specific ecological impacts from the observed hydrological trends.
In addition to streamflow alteration, other anthropogenic stressors, including soil erosion and fertilizer and agrochemical run- 
